Several mechanisms for establishment and maintenance ofpersistent infections by normally cytocidal viruses have been hypothesized. Huang and Baltimore (8) suggested that defective interfering (DI) particles may play an important role in establishing persistent infections. Holland and Villarreal (6, 7) found that DI particles of vesicular stomatitis virus (VSV) were essential for persistent infection of BHK cells. , however, showed that the requirement for DI particles to establish persistence of VSV in L cells could be bypassed if infection were instead initiated with a low multiplicity of infection (MOI) of a temperaturesensitive (ts) mutant. They also suggested that selection of ts mutants was involved with persistency of Newcastle disease virus in several cell lines. Holland et al. (7) demonstrated slight temperature sensitivity of virus released from cells persistently infected with rabies virus, but they postulated that, although the ts mutants may be a stabilizing factor, they were not essential for establishment or maintenance of persistence.
Host-cell physiological factors are implicated in persistence by several authors. Cole and Hetrich (3) found that conjunctiva cells persistently infected with parainfluenza virus 3 maintained noncytocidal infection when kept in growth medium but quickly developed a cytopathic effect (CPE) and cell destruction when transferred to a maintenance medium. ter Meulen and Martin (13) noted an increase in both the number of cells showing positive fluorescence as well as the amount of infectious virus released by canine distemper virus persistently infected Vero cells, after two consecutive changes of the growth medium.
The role of interferon production by persistently infected cells is unclear. Inglot et al. (9) reported that persistence of Sindbis virus in mouse cells required the presence of interferon. Low levels of interferon were also found in Newcastle disease virus-infected L cells (20) . Kawai et al., however, were unable to demonstrate interferon production in persistent infections of rabies virus in BHK cells (12) .
Understanding the mechanisms of establishment and maintenance of viral persistence is extremely important. Several serious illnesses are now recognized results of chronic viral infections. Subacute sclerosing panencephalitis is definitely linked to the persistence of measles virus in the brains of afflicted children. Viruses are also being sought as causative agents of multiple sclerosis. Other diseases of unknown etiology may also have a link with persistent viral infections. Many vaccines are presently produced with attenuated viruses. The possible relationships between these defective viruses and their hosts have not been fully explored.
This report describes establishment of persistent infections by the flavivirus Japanese enceph- (10, 11) .
Solutions. Saline A consisted of 0.8% NaCl-0.04% KCl-0.035% NaHCO3-0.1% glucose (wt/vol). Polyethylene glycol (PEG) (molecular weight, 5 (Fig. 3) . The number of cells present during the stationary phase always was less than in uninfected cells. One report showed that enrichment or depletion of the growth medium on persistently infected cells can cause changes in characteristics of cell growth and virus release (13) . To determine the extent to which persistence is dependent on host-cell metabolism, persistently infected cells were either maintained on a minimal medium (MEM plus 2% CS) or were given frequent changes of growth medium (M199 plus 10% CS).
No changes in titer of released virus, appearance of cultures, or number of cells expressing viral antigen as determined by fluorescent-antibody studies could be detected (data not shown).
Infectious center assay. The number of cells releasing infectious virions in a persistently infected population was determined as described. Results were correlated with the number of cells showing positive fluorescence in these same cultures. (9) to be immune to superinfection with homologous virus but susceptible to heterologous virus. Confluent monolayers of persistently infected 'cells were infected with JEV, VEE, or VSV, as described for Table 2 . Persistently infected MA-111 cells and Vero cells were completely resistant to superinfection by homologous JEV. Persistently infected MA-111 cells appeared to be slightly resistant to superinfection with the heterologous viruses VEE and VSV, but persistently infected Vero cells showed no resistance to these viruses. Viruses released from persistent infections also interfered with infection of normal cells by wt JEV. Medium was collected from persistently infected cells, and the virus was concentrated to achieve a sufficiently high MOI. Table 3 a Medium from persistently infected cultures was collected at different times after the establishment of persistence, and virus titer was established by plaque assay on monolayers of PS-38 at 33"C. Plaques were picked and immediately placed onto confluent monolayers of cells in 17-mm wells containing 1 ml of medium, which were incubated at 330C until 4+ CPE was observed. Medium from each well was inoculated into duplicate microtiter plates seeded with PS-38 and incubated at 33 or 40'C. If, after 5 days, 4+ CPE developed at 330C and, after 3 days, 0 or 1+ CPE was seen at 40'C, the plaque was determined to possess ts characteristics.
collected from persistently infected cells showed a 400-fold increase in HA/PFU compared to medium collected from wt-infected cells. This suggests a much higher number of noninfectious particles than is found in wt populations.
Incorporation of [3H1uridine. An estimate of the proportion of physical particles to infectious units was also determined by incorporation of [3H]uridine into cell-released virus. Sucrose density gradients were prepared, fractions were collected, and radioactivity and density were determined as described. Three peaks of radioactivity could be discerned on each gradient. A ratio of radioactivity to infectivity was determined for each fraction according to the following formula: radioactivity/infectivity = counts per minute (cpm) in a peak/PFU put on gradient. 
